ABSTRACT. Cell lines derived from the sphingomyelinosis (gene symbol, spm) mouse were established from homozygous (spm/spm) and heterozygous (spm/ +) embryos according to a rigid 3T3 transfer schedule. The SPM-3T3cells derived from a homozygousembryo showed extensive accumulation of intracellular cholesterol, attenuated esterification of exogenously added cholesterol and increased de novo cholesterol synthesis, when compared to SPMH-3T3 cells derived from a heterozygous embryo. The phenotypic abnormalities were very similar to those observed in fibrobJasts from patients with Niemann-Pick disease type C (NP-C), in which a defect in the intracellular transport of unesterified cholesterol is suggested. The genetic defect in SPM-3T3 cells should be closely related to that in NP-C. The SPM-3T3cell line is useful for biochemical and genetic studies on the regulation of intracellular cholesterol metabolism.
The sphingomyelinosis mouse (gene symbol, spm) is an animal model of Niemann-Pick disease, an autosomal recessive condition resulting in neurovisceral accumulation of unesterified cholesterol and sphingomyelin, and a partial deficiency of sphingomyelinase (13, 18) . The mouse has been considered to be a model of Niemann-Pick disease types A or C from the clinical features, lipid analysis results and sphingomyelinase activity in tissues (14) . Recently, it was reported that primary cultured fibroblasts from the mousealso show substantial accumulation of intracellular cholesterol and defective esterification of exogenously added cholesterol, mimicking Niemann-Pick disease type C (NP-C) (24) . NP-Cis an autosomal recessive disorder associated with the accumulation of sphingomyelin, cholesterol and glycophospholipids. In contrast to Niemann-Pick disease types A and B, which are characterized by a severe deficiency of lysosomal acid sphingomyelinase activity, the activity in NP-Ccells is normal or reduced to as much as 80%of the control level (for a review see ref. tion of intracellular cholesterol and decreased esterification of exogenously derived cholesterol in NP-C fibroblasts (but not in fibroblasts from cases of NiemannPick disease type A or B). A defect in the intracellular transport of unesterified cholesterol has been suggested (9, 20, 21) . The sphingomyelinosis mouse, having phenotypically very similar abnormalities to those in NP-C, is especially advantageous not only for biochemical and genetic studies on cholesterol metabolism, but also for therapeutic trials for the human disease. Cells grown in tissue culture have proven to be more useful for the study of lipid metabolism because of the availability of different nutritional conditions with media of definite compositions (2, 5 ). An immortalized cell line derived from the sphingomyelinosis mouseshould be useful for biochemical and genetic studies on mutation^) producing such abnormal intracellular cholesterol metabolism. Cholesterol is an important membrane component closely related with membranefunctions, and cholesterol homeostasis is changed by the cell growth state (12) and by neoplastic transformation of cells (1, 6, 25 Lysosomal enzyme assay. Subconfluent cells in a 90 cm dish were harvested with a rubber policeman. The cell pellet, after being washed in PBS twice by centrifugation, was suspended in about 1 ml of distilled water and then sonicated for 10-15 sec on ice. The lysate was used as the enzyme solution and for protein determination. Protein was determined by Eighteen primary cultures derived from each embryo could be clearly classified into the two types by filipin staining. One type showed extensive intracellular accumulation of filipin reactive materias, whereas the other accumulated almost no such materials (Fig. la,   b ). The former type of culture was considered to be homozygous (spm/spm) and the latter heterozygous (spm/ +). Amongthe 18 embryos, there were 5 homozygous and 13 heterozygous cultures. Four of the 5 homozygous cultures and two of the 13 heterozygous cultures were then maintained with a rigid 3T3 transfer schedule according to Todaro and Green (23) . As shown in Figure 2 , the growth rate decreased progressively during four successive transfers. Cultures derived from homozygous embryos showed more rapid decreases than those from heterozygous embryos. During the 5th and 10th transfers the growth rates of the cultures increased progressively.
Then, most cells entered a constant growth phase with some fluctuation. After being maintained on the 3T3 transfer schedule for 100 days, clones derived from a single cell colony were isolated from a homozygous culture and a heterozygous culture with higher growth rates. General characteristics of the established cell lines. Clones derived from a homozygousembryowere designated as SPM-3T3and those from a heterozygous embryo as SPMH-3T3. The isolated clones showed patterns of intracellular accumulation of cholesterol similar to those seen in the primary cultures (Fig. lc, d ). The morphology of sparsely proliferating cells was fibroblas- Lysosomal enzyme activities. The sphingomyelinase activity in sparsely proliferating SPM-3T3 cells in DMEMcontaining 10% FBS was 4.2% that of SPMH-3T3 cells (Table I) clones 3 and 5, respectively. Each cell line was inoculated at a density of 2x 10V6 cm dish in DMEM containing 2% FBS, and the medium was replaced by DMEMcontaining 2%, 5% or \0% FBS at 24 h after cell seeding. The cell number per dish was determined with a hemocytometer at the times indicated.
the activities in the liver, spleen and brain of spm/spm mice were found to be 30%, 50% and 70-80% of normal (+/ +) mice, respectively, and those of heterozygous (spm/+) mice were almost the same as those of normal ( -f/ +) mice (13) . The reduction of sphingomyelinase activity in SPM-3T3cells seems to be severe when compared to the activity in various tissues. Similarly,°/ (Table I) . Defective cholesterol metabolism in a SPMcell line.
To determine whether esterification of exogeneously added cholesterol in SPM-3T3 cells is defective, as ob- Table I . Lysosomal enzyme activities1) in SPM-3T3 cells and fibroblasts from patients with types A2> and C3) Niemann-Pick disease.
1} The activities are expressed as nmole/mg protein/h. 2> Cell strains used, GM0370 and GM0112. 3> Cell strains used, GM0110A and GM3123. 4> Cell strains used, GM5659 and GM5756. scrapped off and their radioactivities were counted. The amount of esterified cholesterol derived from exogenously added cholesterol and the ratio of esterified to free cholesterol in SPM-3T3cells were about 1/4 and 1/6 of those in SPMH-3T3 cells, respectively (Table II) .
The decrease in the cholesteryl ester formation in SPM-3T3 cells compared with that in SPMH-3T3cells seems less than the decrease of cholesteryl ester formation in NP-Ccells compared with that in normal cells. The difference may be due to the fact that SPMH-3T3cells are derived from a heterozygous (spm/ -/-) embryo. The de novo cholesterol synthesis from a dicarbon precursor is also of interest. The incorporation of [3H]acetate into cholesterol and the cholesterol moiety of cholesteryl ester was measured in sparsely proliferating cultures (Table III) or mildly reduced sphingomyelinase activity. Our assay conditions, for which sparsely proliferating cells were used as the enzyme source, may be the reason whythe sphingomyelinase activity in NP-C cells is more severely reduced than previously reported (22), and the activity in SPM-3T3cells is more deficient than that in the tissues of the sphingomyelinosis mouse.
In NP-Ccells, a defect in the transport of cholesterol from lysosomes to other cell membranesites, which is specific to exogenously derived cholesterol, has been suggested (9, 17, 20, 21) . If this defect does exist, NP-C cells must depend on the de novo cholesterol synthetic pathway for their structural cholesterol requirements, as do fibroblasts from patients with familial hypercholesterolemia (5). Wehave observed a marked increase in cholesterol synthesis from acetate, which is in good accordance with the findings of Maziere et al. (ll). The increased cellular cholesterol synthesis in both SPM-3T3 and NP-C cells must compensate for the defect in the transport of exogenously derived cholesterol.
